Introduction
============

Diabetes mellitus (DM) is a chronic disorder that can alter carbohydrate, protein, and fat metabolism. It is caused by the absence of insulin secretion due to either the progressive or marked inability of the β-Langerhans islet cells of the pancreas to produce insulin, or due to defects in insulin uptake in the peripheral tissue. DM is broadly classified under two categories, which include type 1 and type 2 diabetes.[@b1-dmso-7-587]

Type 1 diabetes occurs most commonly in children, but it can sometimes also appear in adult age groups, particularly in those in their late thirties and early forties. Patients with type 1 diabetes are generally not obese and frequently present with an emergency status known as diabetes ketoacidosis.[@b2-dmso-7-587]

The etiology of type 1 diabetes can be explained by damage to the pancreatic cells due to environmental or infectious agents. In individuals who are susceptible to genetic alterations, the immune system is triggered to produce an immune response against altered β-cells, or against molecules in β-cells that are similar to viral proteins.[@b3-dmso-7-587] Approximately 80% of patients with type 1 diabetes show circulating islet cell antibodies, and most of these patients have anti-insulin antibodies before receiving insulin therapy.[@b4-dmso-7-587]

The major factor in the pathophysiology of type 1 diabetes is considered to be autoimmunity.[@b5-dmso-7-587] There is a strong relationship between type 1 diabetes and other autoimmune diseases such as Graves' disease, Hashimoto's thyroiditis, and Addison's disease. When these diseases are present, the prevalence rates of type 1 diabetes increase.[@b6-dmso-7-587]

Vitamin D plays a major role in the pathogenesis and prevention of type 1 diabetes, as recent evidence suggests.[@b5-dmso-7-587] In addition, vitamin D deficiency is an independent predictor of the development of coronary artery disease in individuals with type 1 diabetes. Furthermore, another study has proved that vitamin D deficiency in type 1 diabetes may predict all causes of mortality.[@b7-dmso-7-587]

Type 2 diabetes has a different pathophysiology and etiology as compared to type 1 diabetes. The existence of many new factors -- for example, the increased prevalence of obesity among all age groups and both sex physical inactivity, poor diet, and urbanization -- means that the number of patients diagnosed with type 2 diabetes is rising.[@b8-dmso-7-587] This finding is significant because it will allow health planners to make rational plans and reallocate health resources accordingly.[@b9-dmso-7-587]

Type 2 diabetes is described as a combination of low amounts of insulin production from pancreatic β-cells and peripheral insulin resistance.[@b10-dmso-7-587] Insulin resistance leads to elevated fatty acids in the plasma, causing decreased glucose transport into the muscle cells, as well as increased fat breakdown, subsequently leading to elevated hepatic glucose production. Insulin resistance and pancreatic β-cell dysfunction must occur simultaneously for type 2 diabetes to develop. Anyone who is overweight and/or obese has some kind of insulin resistance, but diabetes only develops in those individuals who lack sufficient insulin secretion to match the degree of insulin resistance. Insulin in those people may be high, yet it is not enough to normalize the level of glycemia.[@b11-dmso-7-587]

Dysfunction of β-cells is a main factor across the progression from prediabetes to diabetes. After the progression from normal glucose tolerance to abnormal glucose tolerance, postprandial blood glucose levels increase initially. Thereafter, fasting hyperglycemia may develop as the suppression of hepatic gluconeogenesis fails.[@b12-dmso-7-587] Despite the fact that the pathophysiology of diabetes differs between type 1 and type 2 diabetes, most of the complications are similar, which may include macrovascular and microvascular complications.[@b13-dmso-7-587] Abnormal glycemia appears to contribute to microvascular and metabolic complications. However, macrovascular complications appear to be unrelated to glycemic abnormalities. Insulin resistance with lipid abnormalities (ie, low levels of high-density lipoprotein, and high levels of low-density lipoprotein and triglycerides), thrombotic abnormalities, as well as atherosclerotic risk factors (for example, smoking, family history, and hypertension) determine the cardiovascular risk in a patient. Cardiovascular risk is associated with the development of insulin resistance even before frank hyperglycemia exists. A hypothesis of complications called the "ticking clock" developed by Haffner et al in 1999 showed that the onset of hyperglycemia puts one at risk for developing macrovascular complications at an earlier point, perhaps at the onset of insulin resistance and before hyperglycemia.[@b14-dmso-7-587]

Obesity
=======

Overweight and obesity are defined by an excess accumulation of adipose tissue to an extent that impairs both physical and psychosocial health and well-being.[@b15-dmso-7-587] Obesity is considered a health disaster in both developed and developing countries.[@b16-dmso-7-587]

The prevalence is escalating significantly in many nations worldwide. This pandemic needs to be stopped if the economic costs, social hazards, morbidity, and mortality of the disease are considered.

Obesity and type 1 diabetes
===========================

The rising incidence of type 2 diabetes among children and adults is related to the epidemic of obesity. A similar etiology is also responsible for a similar increase in type 1 diabetes.[@b17-dmso-7-587] While the underling pathophysiology of type 1 diabetes, which is autoimmune in nature, continues to be investigated and studied, the exact mechanism causing the rise in the incidence of type 1 diabetes remains unclear, particularly in young age groups. The DIAMOND (Diabetes Mondiale) study,[@b18-dmso-7-587] which collected data on childhood diabetes from 112 centers around the world, demonstrated an approximate 2.8% annual increase in type 1 diabetes over the period from 1989--2000.

The etiology of type 1 diabetes, according to twin studies, indicates a joint contribution of environmental and genetic factors.[@b8-dmso-7-587] Furthermore, the importance of environmental factors in the etiology of diabetes is indicated by a significant rise in type 1 diabetes incidence in immigrants from lower to higher incidence regions. Multiple triggers for the development of type 1 diabetes have been investigated, including short- duration or the absence of breastfeeding, exposure to cow's milk protein, and exposure to some kind of infection such as enterovirus or rubella. However, none of these triggering factors has been shown to be the definitive cause.[@b19-dmso-7-587]

The association between type 1 diabetes and weight gain was first investigated by Baum et al[@b20-dmso-7-587] in 1975. The Baum et al study suggested that there was an association related to overfeeding or to hormonal dysregulation.[@b20-dmso-7-587]

The "accelerator hypothesis" proposed by Wilkin[@b21-dmso-7-587] is considered one of the most accepted theories that demonstrates the association between body mass and type 1 diabetes. The authors of this theory suggested that increasing body weight in young age groups increases the risk of developing type 1 diabetes. There is an inverse relationship between body mass index and age at diagnosis. Furthermore, as young children gain more weight, diabetes can be diagnosed earlier. This is explained by the fact that more weight accelerates insulin resistance, leading to the development of type 1 diabetes in individuals who are predisposed genetically to diabetes. Following this study, many papers were published supporting Wilkin's accelerator hypotheses. One study conducted in the United States in 2003 showed a significant increase in the prevalence of being overweight in children with type 1 diabetes, from 12.6% in the period 1979--1989 to 36.8% in the period 1990--1998. To date, the exact mechanism and relationship between type 1 diabetes and obesity remains inconclusive and needs further explanation.[@b21-dmso-7-587]

Obesity and type 2 diabetes
===========================

The increased prevalence of obesity these days has drawn attention to the worldwide significance of this problem.[@b17-dmso-7-587] In the US, approximately two-thirds of the adult population is considered to be overweight or obese. Similar trends are being noticed worldwide.[@b22-dmso-7-587] Obesity is linked to many medical, psychological, and social conditions, the most devastating of which may be type 2 diabetes. At the start of this century, 171 million people were estimated to have type 2 diabetes, and this figure is expected to increase to 360 million by 2030.[@b23-dmso-7-587]

Both type 2 diabetes and obesity are associated with insulin resistance. Most obese individuals, despite being insulin resistant, do not develop hyperglycemia. Pancreatic β-cells of the islet of Langerhans release adequate amounts of insulin that are sufficient to overcome insulin level reductions under normal circumstances, thus maintaining normal glucose tolerance.[@b11-dmso-7-587]

Throughout the natural history of type 2 diabetes, endothelial dysfunction is accompanied with obesity/insulin resistance in diabetes and prediabetes conditions (this includes people with impaired glucose tolerance and/or impaired fasting glucose). In order to develop insulin resistance and obesity, thereby causing type 2 diabetes, β-cells should not be able to compensate fully for decreased insulin sensitivity. The nonesterified fatty acids (NEFAs) that are secreted from adipose tissue in obese people may lead to the hypothesis that insulin resistance and β-cell dysfunction are most likely linked.[@b24-dmso-7-587]

Obesity and insulin resistance
==============================

Insulin sensitivity fluctuation occurs across the natural life cycle. For example, insulin resistance is noticed during puberty, in pregnancy, and during the aging process.[@b25-dmso-7-587] In addition, lifestyle variations, such as increased carbohydrate intake and increased physical activity, are associated with insulin sensitivity fluctuations.[@b10-dmso-7-587] Obesity is considered the most important factor in the development of metabolic diseases. Adipose tissue affects metabolism by secreting hormones, glycerol, and other substances including leptin, cytokines, adiponectin, and proinflammatory substances, and by releasing NEFAs. In obese individuals, the secretion of these substances will be increased.[@b25-dmso-7-587]

The cornerstone factor affecting insulin insensitivity is the release of NEFAs. Increased release of NEFAs is observed in type 2 diabetes and in obesity, and it is associated with insulin resistance in both conditions.[@b26-dmso-7-587] Shortly after an acute increase of plasma NEFA levels in humans, insulin resistance starts to develop. Conversely, when the level of plasma NEFA decreases, as in the case with antilipolytic agent use, peripheral insulin uptake and glucose monitoring will be improved.[@b27-dmso-7-587]

Insulin sensitivity is determined by another critical factor, which is body fat distribution. Insulin resistance is associated with body mass index at any degree of weight gain. Insulin sensitivity also differs completely in lean individuals because of differences in body fat distribution. Individuals whose fat distribution is more peripheral have more insulin sensitivity than do individuals whose fat distribution is more central (ie, in the abdomen and chest area).[@b25-dmso-7-587]

Differences in adipose tissue distribution help explain, to some extent, how the metabolic effects of subcutaneous and intra-abdominal fat differ. Intra-abdominal fat is more related to the genes that secrete proteins and the specific types of proteins responsible for the production of energy. Adiponectin secretion by omental adipocytes is larger than the amount secreted by subcutaneous-derived adipocytes. Moreover, the quantity secreted from these omental adipocytes is negatively associated with increased body weight.[@b26-dmso-7-587] The secretion of NEFAs to different tissue may be affected by their source.

Furthermore, abdominal fat is considered more lipolytic than subcutaneous fat, and it also does not respond easily to the antilipolytic action of insulin, which makes intra-abdominal fat more important in causing insulin resistance, and thus diabetes.[@b27-dmso-7-587],[@b28-dmso-7-587]

Marcial et al[@b29-dmso-7-587] further explained the molecular mechanisms of insulin resistance, inflammation, and the development of diabetes. One of the mechanisms of insulin is its effect as an anabolic hormone that enhances glycogen synthesis in liver and muscle. This in turn augments protein synthesis inhibiting the process of proteolysis. Insulin resistance is indeed an important factor in disease process. Fat storage and mobilization are other important factors causing insulin resistance.

Obesity and β-cell dysfunction
==============================

β-cells play a vital role in regulating insulin release, despite their fragility. The quantity of insulin released by β-cells fluctuates and changes according to the quantity, nature, and route of administration of the stimulus. Therefore, β-cells play a very important role in ensuring that in healthy subjects, concentrations of blood glucose are stable within a relatively normal physiological range. In obesity, insulin sensitivity, as well as the modulation of β-cell function, decreases.[@b30-dmso-7-587]

Insulin-resistant individuals, whether slim or fat, have more insulin responses and lower hepatic insulin clearance than those who are insulin sensitive. In a normal healthy subject, there is a continuous feedback relationship between the β-cells and the insulin-sensitive tissues.[@b10-dmso-7-587] If the adipose tissue, liver, and muscles demand glucose, this will lead to increased insulin supply by the β-cells. If the glucose levels require stability, changes in insulin sensitivity must be matched by a relatively opposite change in circulating insulin levels. Failure of this process to take place results in a deregulation of glucose levels and the development of DM. If the β-cells are healthy, there is an adaptive response to insulin resistance, which leads to the maintenance of normal levels of glucose. By contrast, when pancreatic β-cells are impaired, abnormal glucose tolerance or abnormal fasting glucose may develop, and it may even be followed by the development of type 2 diabetes.[@b30-dmso-7-587]

A continued decline in β-cell function is one of the main causes leading to type 2 diabetes. According to literature, when β-cell dysfunction causes inadequate insulin secretion, fasting blood glucose and postprandial blood glucose will elevate.[@b31-dmso-7-587] Subsequently, the decreased efficiency of hepatic and muscle glucose uptake will occur, with the absence or incomplete inhibition of liver glucose production. Further increases in blood glucose levels will lead to disease severity through glucotoxic effects on the pancreatic β-cells and negative effects on insulin uptake and peripheral tissue sensitivity.[@b31-dmso-7-587]

Conversely, in healthy subjects, elevating their blood glucose levels for 20 hours or more has an absolutely inverse action, because it will lead to enhanced β-cell function capacity and improve peripheral insulin uptake.[@b16-dmso-7-587] These facts explain that a genetic risk factor is necessary for the occurrence of β-cell function impairment. The progression of time, as well as a pre-existing genetic abnormality in insulin secretion and a subsequently continuous elevation of blood glucose levels, lead to complete β-cell failure.[@b24-dmso-7-587]

A second factor that might contribute to a continuous loss of function of β-cells is increasing plasma NEFA levels. Despite the fact that NEFAs play a major role in insulin release, the continuous exposure to NEFAs is related to significant malfunction in glucose-stimulated insulin secretion pathways and reduced insulin biosynthesis. Moreover, the occurrence of insulin resistance in vivo and a failure of the compensatory mechanism of β-cells in humans contributes to increase amounts of NEFA levels produced by lipids.[@b32-dmso-7-587]

The two actions of NEFA contribute to a significant etiology that links β-cell dysfunction and insulin resistance in people with type 2 diabetes, and those who are at risk for the disease. The effect of lipotoxic increases in plasma NEFA levels and the rise of glucose levels might produce a more harmful effect known as glucolipotoxicity.[@b33-dmso-7-587],[@b34-dmso-7-587]

Conclusion
==========

Diabetes and obesity are chronic disorders that are on the rise worldwide. Body mass index has a strong relationship to diabetes and insulin resistance. In an obese individual, the amount of NEFA, glycerol, hormones, cytokines, proinflammatory substances, and other substances that are involved in the development of insulin resistance are increased. Insulin resistance with impairment of β-cell function leads to the development of diabetes. Gaining weight in early life is associated with the development of type 1 diabetes. NEFA is a cornerstone in the development of insulin resistance and in the impairment of β-cell function. New approaches in managing and preventing diabetes in obese individuals must be studied and investigated based on these facts.
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